We present initial results of the ultrarelativistic boost of general global monopole solution. The problem is addressed from two perspectives. In the first one the basic object for performing the boost is metric while in the second the energy momentum tensor is used.
I. INTRODUCTION
Ultrarelativistic limits of relativistic solutions generally transform stationary spacetimes into plane wave solutions. The first such limit was performed by Aichelburg and Sexl [1] using regularization of the metric resulting from boosting. Another possibility investigated by Balasin and Nachbagauer [2] considers the energy momentum tensor as the primary object for boosting and reconstructs the geometry by solving Einstein equations which circumvents an ambiguity in the regularization present in the previous approach.
We will apply these two methods in the case of general metric of global monopole [3] , which is determined by two parameters -one characterizing the "Schwarzschild mass" and the other measuring the deficit of solid angle. This solution possesses singularity which is generally covered by single horizon but this two parameter class of metrics also contains, as a special case, a naked singularity.
II. GLOBAL MONOPOLE
It is well known that different types of topological objects may have been formed during Universe expansion, such as domain walls, cosmic strings and monopoles [3] . These topological defects are assumed to be created during spontaneous breakdown of local or global gauge symmetries. The simplest model giving rise to global monopole is described by the Lagrangian
where φ a is a triplet of scalar fields, a = 1, 2, 3. The model has a global O (3) symmetry, which is spontaneously broken to U (1). The scalar field triplet corresponding to a monopole has the following form
where x a x a = r 2 . We assume that the underlying geometry is described by a general static spherically symmetric line element
with the standard relation between spherical , r, θ, φ, and cartesian coordinates x a . The Lagrangian for the above given field configuration and geometry takes this form
giving the following energy momentum tensor
General solution of the Einstein equations for metric (2.2) and with such energy momentum tensor is described by the following functions
where M is a constant of integration. This metric describes a black hole of mass M , carrying a global monopole charge η. One can imagine this object being formed when an ordinary black hole swallows a global monopole [3] . The Kretschmann scalar which indicates the presence of a curvature singularity is given by
Obviously, at r = 0 we have a typical central curvature singularity and the dominant contribution comes from Schwarzschild mass. Let us transform the metric to isotropic coordinates. We start from equation (2.2)
the line element will become
it is possible to rewrite the above equation in the following form
by changing the variable as follows
The final form of the metric is given by
r . We will rewrite the metric in corresponding cartesian coordinates
where
So the metric is separated into Minkowski part and one additional term encoding Schwarzschild black hole with global monopole.
III. BOOSTING
An observer moving uniformly relative to this mass will see the metric deformed by a Lorentz transformation [1] . If we apply a Lorentz transformation in the x−direction we obtain
where v is the boost parameter. The Minkowski part in the line element equation (2.10) is invariant under Lorentz transformation so we only study the additional term that is changed to
where χ(r) = 8πGη 2r + 2GM
Here we rescale the mass as in [1] 
where p is a constant. We have to check the limit when v → 1. Let us do it in the case of Schwarzschild, when η = 0
, it is obvious that the limit is finite whenx =t . But in the case ofx =t there is a regularization trick that one can find in [1] and it ensures the resulting metric might be expressed in terms of Dirac's delta distribution.
In the case of global monopole, we the limit is given as follows
which is not finite and cannot be regularized in the manner of [1] . It is however possible to rescale the η as we did for mass, i.e.
then the limit becomes finite even whenx =t.
IV. REGULARIZED ENERGY MOMENTUM TENSOR LIMIT
Different approach to boosting provides a method by Balasin and Nachbagauer [2] . It is based on the analysis of the energy momentum tensor as the primary object describing the spacetime rather than the metric. Since the Schwarzschild solution is without source in the standard sense this would not reproduce previous results [1] . First, one has to define correct energy momentum tensor of a given solution in terms of distributions [4] (making the connection between gravitational and electromagnetic field of a particle more explicit).
Let us review the construction of regularized energy momentum tensor for Kerr-Schild class of spacetimes [4] . The metric for such a solution can be given in the following form
where η ab is Minkowski metric, f is a function and k a is a covector which is null with respect to both metrics. Moreover this covector field satisfies the field equation G ab k a k b = 0 maintaining the geodetic property discovered by Kerr and Schild [5] even in the presence of scalar field supporting the global monopole. Using metric η ab for moving indices and its associated derivative ∂ a the Ricci tensor and scalar can be expressed in the following way:
Both expressions are linear in f which is useful in combining effects of additional terms. The distributional evaluation of these expressions then proceeds in the following way (illustration in the case of scalar curvature and a test function φ ∈ C ∞ 0 (R 3 ), due to the stationarity of solution we consider only spatial distributions)
In the last equality the regularization of the integral at origin was used (B ǫ is a ball of radius ǫ). In our case we have f = 8πGη 2 + 2GM r and k = dr − dt using equation (2.9) and leaving out the prime sign on time coordinate. Here we can use the linearity of expressions (4.2, 4.3) because the results for the second term in f are already known from [4] . The first term produces a regular distribution and can be calculated straightforwardly. Adding both together we get the following energy momentum tensor in Kerr-Schild coordinates
Now we write the above result in general Lorentz frame with momentum of the global monopole denoted by P a (where P a P a = −m 2 ) and the spatial direction in which we perform the boost by Q a (Q a Q a = m 2 ). Using the expressions in terms of Lorentz invariants
2 xd x = M 2 x·dx+(P·x)(P·dx) and the corresponding relation for the vectors (dot means a scalar product via η, bold letters stand for four-vectors and x T spans the spatial coordinate plane orthogonal to Q) we can perform ultrarelativistic boost (in which both P and Q turn into null vector p) to get limiting energy momentum tensor (with the distributional term coming from [2] )
Evidently, this expression has, apart from delta distribution, singular behavior on hypersurface p · x = 0. When one carefully considers the asymptotic behavior of the expression M 2 r 2 one immediately concludes that rescaling the solid angle according to the relation (3.5) cures the singular behavior, thus confirming the result of the previous section.
V. CONCLUSION
We have derived a consistent the ultrarelativistic limit of general global monopole solution using two approaches. The main result is the necessary rescaling of the deficit solid angle in order to obtain a well defined solution on the surface of plane wave resulting from boosting the original static metric. Both methods give the same scaling relation.
